Background. Vascular risk factors contribute to motor decline in the elderly persons. We investigated the relationship between lipid-lowering drugs (LLDs) use and decline in walking speed (WS) in older adults.
P OOR motor function in the elderly persons is associated with adverse health outcomes, including disability and death (1) (2) (3) . Walking speed (WS), assessed over 3-6 m in studies, is a reliable measure of overall motor function (4) . Identifying risk factors associated with slower WS represents an important first step towards preventing poor motor function and disability at older ages.
Previous research has shown vascular risk factors (eg, hypertension (5) , diabetes mellitus (6) ) to be associated with slower WS, and there is emerging evidence that chronic inflammation may be associated with functional decline (7) . Lipid metabolism abnormalities may also play a role: lower high-density lipoprotein (HDL) cholesterol has been associated with slower WS in the elderly persons (8) , with cholesterol known to modify the association between chronic inflammation and motor performance (9) . Besides lowering lipid levels, lipid-lowering drugs (LLDs), statins in particular, have anti-inflammatory properties (10) . For these reasons, statins could potentially have a protective effect on age-related functional decline (11) . However, results remain inconsistent. Some studies, mostly cross-sectional, show LLD use to be associated with better motor performance (12) (13) (14) , and other studies report no association between use of LLDs and functional status in the elderly persons (15, 16) . Cross-sectional studies are subject to biases such as reverse causation and residual confounding. Thus, it remains unknown whether use of LLDs is associated with motor decline. The objective of our study was to examine the association between use of LLDs and decline in motor function, using data from a large prospective cohort of community-dwelling elderly adults with up to four measures of WS over 10 years. We hypothesized that use of LLDs would be associated with slower decline of WS over the follow-up.
Methods

Study Population
The Three-City (3C) study is a cohort study of community-dwelling persons, aged ≥65 years at baseline, from three French cities (Bordeaux, Dijon, and Montpellier) (17) . We used data from Dijon (N = 4,931), where a motor function substudy was conducted. After the baseline assessment, participants were seen approximately every 2 years; in total, six waves of data have been collected so far. Initially, only participants aged ≤85 years were invited to follow-up screenings that included a measure of WS. From Wave 2 onwards, all participants, irrespective of age, were offered the opportunity of being seen at home. Participants with conditions that cause gait impairment (Parkinson's disease, dementia, stroke, hip fracture) were excluded from the present analyses. The study protocol was approved by the Ethics Committee of Kremlin-Bicêtre University Hospital, and all participants signed an informed consent form.
WS Assessment
WS was measured at the study center in participants aged ≤85 years at baseline (Wave 0, 1999-2000) and again after approximately 4 (Wave 2, 2003-2004), 8 (Wave 4, 2007 8 (Wave 4, -2008 , and 10 years (Wave 5, 2009-2010). Two tests were carried out; participants were first asked to walk at their "usual" speed and then at "maximum" speed, that is as fast as they could without running. WS was measured using two photoelectric cells connected to a chronometer placed in a corridor 6 m apart. WS was computed as 6 m divided by time taken to complete the test in seconds. Participants were asked to start walking 3 m before the start line where the photoelectric cells were placed, so that the measured WS did not include the acceleration time and had more than 5 m after the finish line to decelerate. Participants could do one trial before testing began to ensure that they understood the instructions.
We used fast rather than usual WS in the main analysis for various reasons. First, in test-retest analysis, the intraclass correlation coefficient was 0.84 (SE = 0.02) for usual and 0.92 (SE = 0.02) for fast WS (5) . Although reliability was excellent for both measures, fast WS appears to be less prone to measurement error than usual WS. Second, change in WS over the follow-up was more pronounced for fast (2.0 cm/s/y) than usual (0.5 cm/s/y) WS, as has previously been reported by others (18, 19) . Third, the variability of the slope was greater for fast (2.31, SE = 0.32) than usual (0.81, SE = 0.19) WS, suggesting greater heterogeneity in decline in fast WS. Fast WS, being a more complex task, is likely to be more sensitive to aging. Given greater decline and interindividual variability, it is, therefore, expected that differences in decline across groups of people are more easily detectable for fast than for usual WS, and we choose fast WS as our outcome measure.
Medications
Interviewers recorded medications used by participants during the preceding month using medical prescriptions and drug packages. Drugs were coded using the French translation of the World Health Organization Anatomical Therapeutic Chemical classification. LLDs use was defined using statins (C10AAxx) and fibrates (C10ABxx). We also recorded use of aspirin, antihypertensive, psychotropic, and nonsteroidal anti-inflammatory drugs.
Covariates
Data were collected during face-to-face interviews with trained psychologists using standardized questionnaires. Covariates included in the analysis were are age, sex, education, income, health behaviors, body mass index (BMI), cardiovascular disease and risk factors, cognitive status, depression, and disability (described in Supplementary Methods).
Statistical Analysis
Baseline participants' characteristics are presented overall and by baseline LLDs use and tertiles of WS, and compared using age-and sex-adjusted logistic/linear regression models.
Linear mixed models were used to examine the association between LLD use at baseline (yes/no) and change in WS using four measures over a 10-year follow-up. Mixed models allow all available data to be used in the analysis in order to estimate the intercept (cross-sectional effect) and the slope (longitudinal effect). The intercept and slope are estimated together, with the correlation between them taken into account in the model. The intercept and slope were treated as random effects, allowing them to vary between individuals. Time since baseline was included as a continuous linear term after verification that a quadratic term did not improve model fit. Model 1 included baseline LLDs and was adjusted for age and sex, the strongest determinants of WS in our study, and HDL and low-density lipoprotein cholesterol and triglycerides, which were strongly associated with LLDs. Model 2 was further adjusted for covariates associated with WS and LLDs: BMI, height, education, hypertension, diabetes mellitus, coronary artery disease, psychotropic drugs, aspirin, and homocysteine. The final model (Model 3) was further adjusted for covariates associated with WS or LLDs: depressive symptoms, Mini-Mental State Examination, physical activity, alcohol consumption, smoking, peripheral arterial disease, and nonsteroidal anti-inflammatory drugs. All covariates were drawn from the baseline assessment and models included their main effects and interactions with time. Regression coefficients associated with LLDs use (yes/no) correspond to the mean difference in baseline WS between LLDs users and nonusers; coefficients for LLDs × Time correspond to the mean difference in annual WS change between the two groups; positive coefficients correspond to slower decline in WS.
To investigate whether estimates of change in WS were influenced by those not on LLDs but with an indication for treatment, we performed analyses restricted to non-LLDs users to compare those with an indication to LLDs to those without. LLDs indications were based on published guidelines based on low-density lipoprotein cholesterol and other vascular risk factors (20) . To examine the specificity of the association with type of LLD, we repeated the analyses using the following categories: no LLDs (reference), fibrates users, and statins users.
The effect of change in LLDs use over time was assessed in two ways. First, we defined a three-level variable based on trajectories of LLDs over the follow-up: no LLDs at any examination (never users), intermittent use (started/stopped using LLDs during follow-up), and persistent use (LLDs at all examinations). This approach allows the role of duration of use to be examined. Second, LLDs were included as time-dependent variables together with their interaction with time. For both analyses, we used time-dependent covariates in the models.
In sensitivity analyses, we used propensity scores to better adjust for confounders (see Supplementary Methods). WS data over follow-up were missing due to death, age more than 85 years, conditions with marked gait impairment, home examination (where WS was not measured), and nonresponse. To investigate the influence of missing data, we used multiple imputation (Supplementary Methods) and ran analyses restricted to participants with at least two WS measures.
Two-tailed p values ≤.05 were considered statistically significant. Analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
Results
At baseline, 4,421 participants (65-85 years) were seen at the study centre; 136 were excluded due to medical conditions that cause gait impairment, 4,009 had at least one WS measure over the follow-up and LLDs data ( Supplementary Figure) . Participants not included in the analysis were older, had higher BMI, and lower physical activity and Mini-Mental State Examination scores compared with those included in the analyses; the two groups did not differ with respect to use of LLDs or hypercholesterolemia. Among the 4,009 participants included in the analysis, 959 (23.9%) had four WS measures, 753 (18.8%) had three, 944 (23.6%) had two, and 1,353 (33.7%) had one. Participants with one measure were older (75.6 vs 72.3 years, p < .001) and walked slower (143 vs 158 cm/s, p < .001) than participants with more measures but were not different for LLDs use (31.3% vs 32.8%, p = .35); 61% of the participants with one WS measure became older than 85 years over the follow-up, died, or developed incident conditions causing gait impairment during the follow-up. fibrates, n = 652, statins, n = 643). After adjustment for age and sex, LLDs use was associated with higher BMI, lower height, lower education, hypertension, diabetes mellitus, coronary artery disease, and aspirin use. LLDs users had lower total, HDL, low-density lipoprotein cholesterol, and triglycerides, and higher homocysteine. Slower baseline WS was associated with lower socioeconomic status and with an unfavorable health profile, including LLDs use and lower HDL cholesterol, and higher triglycerides and homocysteine. Table 2 shows the association between baseline LLDs use (yes/no) and change in fast WS over the follow-up. The annual decline in WS was −2.18 cm/s (95% CI: −2.37 to −2.00; p < .001) in those not on LLDs at baseline and −1.64 cm/s (95% CI: −1.88 to −1.41; p < .001) in those on LLDs, a statistically significant difference of 0.54 cm/s (95% CI: 0.27-0.80; p < .001), corresponding to 25% slower decline in those on LLDs. This difference was robust to adjustment for covariates (Model 3, β = 0.58, 95% CI: 0.30-0.86; p < .001). Baseline cholesterol and triglycerides levels or other medications (nonsteroidal anti-inflammatory drugs, psychotropic drugs, aspirin) were not associated with WS change.
Among 2,714 participants not on LLDs at baseline, 609 (22%) had an indication for treatment. The annual decline in WS in this group did not differ from that in participants without such an indication (Model 3, difference in decline = −0.15, 95% CI: −0.60 to 0.29; p = .50).
Change in WS, as a function of type of LLDs, fibrates, or statins, is presented in Figure 1 and Supplementary Table 1 . Both fibrates (Model 3, β = 0.48, 95% CI: 0.10-0.86; p = .009) and statins (β = 0.67, 95% CI: 0.31-1.02; p < .001) were associated with slower WS decline, the effect was more pronounced for statins but not significantly different from the effect of fibrates (p = .31).
Over the follow-up, 2,354 (59%) participants reported never using LLDs, 574 (14%) were intermittent and 1,081 (27%) persistent users. Table 3 shows the relationship ) were centered at their population mean; the reference groups for categorical variables were: baccalaureate degree; physically active; less than 20 pack-years of smoking; no alcohol consumption; no history of hypertension, diabetes mellitus, depression, coronary disease, or peripheral artery disease; and no use of nonsteroidal anti-inflammatory drugs (NSAIDs), aspirin, or psychotropic drugs. Model 1: adjusted for age, sex, LLDs, baseline cholesterol and triglycerides, and their interactions with time. Model 2: Model 1 + baseline height, BMI, education, hypertension, diabetes mellitus, coronary artery disease, psychotropic drugs, aspirin, homocysteine, and their interactions with time. Model 3: Model 2 + baseline depressive symptoms, MMSE, physical activity, alcohol, smoking, peripheral artery disease, NSAIDs, and their interactions with time. between these categories and change in WS. Persistent users had slower decline in WS (Model 3, β = 0.96, 95% CI: 0.25-1.67; p = .007) compared with never users, whereas intermittent users were not significantly different from nonusers (Model 3, β = 0.37, 95% CI: −0.36 to 1.10; p = .32).
Analyses including time-dependent LLDs use instead of baseline LLDs use yielded similar results (Supplementary Table 2 ); in addition, the association between LLDs and change in WS was somewhat stronger in fully adjusted models.
In sensitivity analyses (propensity scores), 1,116 (86%) baseline LLDs users were matched to 1,116 untreated participants (Supplementary Table 3 ); no differences were observed for matching covariates between them. LLDs at baseline remained associated with slower WS decline ( Supplementary Table 4 ); the estimate (Model 3, β = 0.57, 95% CI: 0.08-1.06; p = .02) was similar to that in the main analysis.
Multiple imputation was used to replace missing values and subsequent analyses yielded findings consistent with our main analyses (Supplementary Table 5 ). In multivariable models, decline in WS was less pronounced in LLDs users compared with nonusers: this difference (0.31 cm/s/y, 95% CI: 0.06-0.56; p = .01) was less pronounced than in the main analyses but was robust to multivariable adjustment (Models 2 and 3) . The effect was stronger for statins (0.40 cm/s/y, 95% CI: 0.09-0.71; p = .01) than for use of fibrates (0.23 cm/s/y, 95% CI: −0.10 to 0.57; p = .17) (Figure 1 ).
Discussion
In this large cohort of community-dwelling elderly persons, use of LLDs was associated with a 25% slower decline in WS. Although LLDs users had a higher prevalence of characteristics associated with poorer motor performance (eg, higher BMI, hypertension, coronary artery disease), the results showing slower decline in WS were robust to adjustment for these factors. In addition, this association was ) were centered at their population mean; the reference groups for categorical variables were: baccalaureate degree; physically active; less than 20 pack-years of smoking; no alcohol consumption; no history of hypertension, diabetes mellitus, depression, coronary disease, or peripheral artery disease; no use of nonsteroidal anti-inflammatory drugs (NSAIDs), aspirin, or psychotropic drugs. Model 1: adjusted for baseline covariates (age, sex, cholesterol, and triglycerides) and their interactions with time. Model 2: Model 1 + baseline (height, education level, and homocysteine) and time-dependent (BMI, hypertension, diabetes mellitus, coronary artery disease, psychotropic drugs, and aspirin) covariates, and their interactions with time. Model 3: Model 2 and time-dependent covariates (MMSE, alcohol, smoking, NSAIDs, physical activity, and depressive symptoms), and their interactions with time. stronger among persistent LLDs users and those on statins rather than fibrates. Although both fibrates and statins were associated with slower WS decline in the main analyses, only statins had an effect that was robust to consideration of missing values using multiple imputation.
Few studies, mostly cross-sectional in nature, have investigated the relationship between LLDs and motor function in the elderly persons. One study (N = 641) reported that participants with and without peripheral arterial disease taking statins had better motor performance assessed using a 6-minute walk test (12) . In another study (332 peripheral arterial disease patients), the annual decline in lower extremity performance was less pronounced in patients on statins, whereas no effect was observed in 212 participants without peripheral arterial disease (13) . In the Connecticut Veterans Longitudinal Cohort (N = 756), statin users performed better than nonusers at timed chair stands (14) . Another study showed no association between use of statins and self-reported mobility limitation (21) , and a recent study reported no relationship between statin use and physical performance; statin use was not associated with baseline WS or decline in WS in this large cohort of older women (15) . However, the proportion of participants treated by statins was lower (9.3%) in the study than in our study (16.0%), and the study used a measure of "usual" WS, which is known to decline less over time than fast WS. Various mechanisms may account for an association between LLDs and slower motor decline. First, fibrates (22) and statins (23) increase HDL cholesterol, which has been linked to better performance on measures of physical function (8, 24) . In our study, baseline HDL cholesterol was not associated with baseline or WS change in analysis adjusted for covariates. However, we did not have data on HDL cholesterol levels before WS was measured, and as it was not measured again over the follow-up, we were unable to assess the impact of change in HDL cholesterol on decline in motor function. Two, higher levels of inflammatory markers have been associated with poorer physical performance (25) , and our results could be explained by the fact that statins reduce levels of inflammatory markers (10) . Three, statins have a favorable effect on atherosclerosis and vascular function, independently of cholesterol levels (26) . Four, cerebral white matter lesions, that is, small lesions supposedly of ischemic origin, are associated with poorer physical performance in the elderly persons (27) , and higher cholesterol levels are associated with white matter lesions in some studies (28) ; however, whether LLDs use reduces the progression of white matter lesions remains controversial (29) . Finally, statins may have neuroprotective properties (30) , mediated by the activation of neuroprotective signaling pathways (31) , or systemic effects such as reduction of oxidative damage (32) and improvement of vascular function (33) .
In our study, the proportion of participants using fibrates and statins at baseline was very similar. This study's baseline assessment took place in 1999-2000, and fibrates were frequently used in France at that period. One observational European study reported that 54% of LLDs users in France in 1999 were on fibrates (34) . The subsequent decade was marked by a large increase in the use of statins, following the National Cholesterol Education Program Third Adult Treatment Panel (ATP-III) guidelines, published in 2001 (35) .
The clinical relevance of our findings lies in the fact that LLDs are underprescribed in the elderly persons (36) with some concern that they may have harmful effects. Our analysis using a longitudinal design in a large cohort of community-dwelling elderly adults suggests that LLDs use was associated with a 25% slower decline in WS. Accelerated decline in WS is known to be associated with adverse health outcomes such as mortality (37) . It is possible that some of these effects are underestimated as data come from a well-functioning community-dwelling elderly participants where the average decline in WS was not large. Future studies targeting people at high risk of motor decline may be necessary to evaluate potential benefits of LLDs use.
This study has several strengths, including its large size, the long follow-up with up to four assessments of WS and use of LLDs, which allowed us to examine trajectories of LLDs use, and the assessment of a wide range of covariates. Its main limitation is its observational design. Adherence to LLDs therapy may be associated with use of health services, resulting in "healthy user bias" (38) . On the other hand, the association between LLDs use and change in WS was robust to adjustment for a range of covariates and was stronger in analyses using time-dependent measures of use of LLDs. Therefore, although some level of unmeasured confounding cannot be ruled out, it seems implausible that it could account entirely for the association between LLD and decline in WS observed in our study. In addition, other medications (nonsteroidal anti-inflammatory drugs, psychotropic drugs, aspirin) were not associated with WS decline, and its association with LLDs use was not attenuated after adjustment for other drugs. It is unlikely that our findings are confounded by socioeconomic status because analyses were adjusted for education and access to medical care, which, in France, is independent of socioeconomic status as reimbursement for medication is at a high level for everyone. Furthermore, income was not associated with LLDs use in our study. Propensity scores are a way to reduce bias in estimates of treatment effects in observational studies, and sensitivity analyses using this method replicated our main findings. Although observational studies have limitations, motor decline is a slow and progressive process, making it unrealistic to envision that it would be possible to implement a clinical trial to examine the impact of LLD use on decline in motor function. Such a trial would face difficulties for an outcome such as WS decline, primarily due to the necessity to follow a large population of elderly people over a long period of time; this is similar to identifying protective factors for cognitive decline and (39) . Another limitation of our study is that WS was not measured over the follow-up in all participants; we used multiple imputation to deal with missing values using data on important surrogates (eg, disability, falls) and found results that were similar to those of our main analysis.
In summary, LLDs were associated with slower decline in WS in a large population of community-dwelling elderly people followed up to 10 years. There is considerable evidence of underprescription of LLDs in the elderly people (40) ; in our study, only two thirds of those with an adverse lipid profile were on LLDs. These findings extend previous research showing that in the elderly people LLDs may have beneficial effects beyond cardiovascular disease by providing evidence that these drugs may slow motor decline. However, this effect was modest and future studies would be necessary to better evaluate the clinical relevance of these findings. The funding organizations played no role in the design and conduct of the study, in the collection, management, analysis, and interpretation of the data, or in the preparation, review, or approval of the manuscript.
